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Flow Path

» Driving Factors/Impediments for New Fuel Modulators

» The New Fuel Modulators
-- Active Signal Technologies (AST)
-- Jansen Aircraft System Controls (JASC)

-- WASK Engineering (concept)
-- Others *

» Summary
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Driving Factors/Impediments for New Modulators

2000 W) 2004 IConventional Rich-Burning Combustor (CRBC) I

Injector for Single Nozzle Combustor

Primary

L/ Fuel FN =10

Secondary

Fuel FN=110

* Georgia Tech Valve (GTV) procurement
* GTV characterization (in-house rig) for FN*= 110
* GTV implementation/characterization-validation with CRBC

In General:

* project money was available for a direct procurement of an unavailable COS item
* the GTV was operated at its design point (FN=110) for this application

* project demonstrated a successful implementation of ACC

i '
runits for FN: | -1ML__ No modulator issues!
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Driving Factors/Impediments for New Modulators ‘&
cont’d

2006 W) 2010 ILean-Burning Combustor (LBC) I(ﬂametube combustor)

Pilot Flow FN= 8

new combustor, injector, modulation flow and FN

had only 1 modulator in-hand; not designed for this application

* no project money available for direct procurement; had to use
NASA SBIR’s and NRA’s to finance
-- bureaucratic hoops; slow turnaround

used GTV for this application; suboptimal operation
: ; . -- poor demonstration of ACC
(similar to) LBC Injector Many issues!

2011 I Lean-Burning Combustor (LBC) I

Pilot Flow FN=3 * new injector, same modulation flow, further reduction in FN
* Active Signal Technologies (AST) modulator delivered 7/2012
-- FN range: 3 to 8
-- modulator characterization in progress
 Jansen Aircraft System Controls (JASC) modulator delivered 11/2013
-- FN range: 3to 5
-- modulation characterization in progress
WASK Engineering proposing FN 1 to 8 design Issues waning!

Wwww.nasa.gov
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NASA GRC Fuel Modulators

Dr. Yedidia Neumeier Dr. Arthur V. Cooke Matt Caspermeyer Wendel Burkhardt

Chief Technology Officer President Engineer Owner
vedidia@plumcombustion.com arthur(@activesignal.com matt.caspermeyer@jasc-controls.com wendel.burkhardt@waskengr.com
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Magneto-strictive
Exterior Installation
Design Point: FN=110
FN Range: 20 to 110

Envelope: 12”x18”x2”
Weight: 20 Ibs

Max Power In: 6 amps
Max Pressure In: 1500 psi
Max Temp.: 300 °F

Magneto-strictive
Exterior Installation
Design Point: FN=5
FN Range: 3 to 8

Envelope: 4°x187x4”
Weight: 10 Ibs

Max Power In: 6 amps
Max Pressure In: 1500 psi
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Max Temp.: 300 °F

Translating-Rotary Flute
w/stationary flow port
Exterior Installation
Design Point: FN=4

FN Range: 3to 5

Envelope: 2.67x5.6°x2.6”
Weight: 3.5 lbs

Max Power In: 6 amps
Max Pressure In: 1500 psi
Max Temp.: 300 °F

Piezoelectric
Interior Installation
Design Point: FN=4
FN Range: 1 to 8

Envelope: 27x4.57x1”
Weight: 1 Ibs

Max Power In: 1 amp
Max Press. In : 1500 psi
Max Temp.: 1800 °F

WWW.nasa.gov


mailto:yedidia@plumcombustion.com
mailto:arthur@activesignal.com
mailto:matt.caspermeyer@jasc-controls.com
mailto:matt.caspermeyer@jasc-controls.com
mailto:matt.caspermeyer@jasc-controls.com
mailto:wendel.burkhardt@waskengr.com

National Aeronautics and Space Administration . .
Active Si

onal Technologies

—_ = £

B ‘~' .'_;,'tl'(- (U ae "
wsP:._'yz,,»c b S e

P i o

e
- Magneto-strictive Stac
o YT :

FN Range: 3 to 8 NASA SBIR Phase I: 1/22/09 to 7/22/09

NASA Combustion NRA: 2/22/11 to 6/29/12
* Magneto-strictive Modulation -- marketable product

* Poppet Valve Wet End (Moog design)

» Stepper Motor Causes Change in Valve Flow Area
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Active Signal Technologies, cont’d
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Characterization Rig “Short Configuration”

Test Conditions

m = 18 pph

P2 =268 psig
P4 =126 psig
FN = 2.1 pph-psi-??

Command
REFAread = 3sin(2nft)

Result

P3b,oo 1, = 193 psig +/- 42 psig rms
P3bggo, =223 psig +/- 93 psig rms
P3b, 0011, = 198 psig +/- 36 psig rms

Sinusoidal Logarithmic Sweep
100 to 1200 Hz
No resonance in 1 kHz bandwidth
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Jansen Aircratt System Controls (JASC)

DRY WEIGHT: 3.4 Ib ﬂ -

NASA SBIR Phase I:  1/29/10 to  7/29/10
NASA SBIR Phase II:  6/29/11 to 11/29/13

-- marketable product

JASC 0R293 - = NOT FOR FLIGHT USE N
® P/ o 540 C H7 ﬂ gEE
S/N YYYY PAT. PENDING

FN Range: 3 to 5

Electro-mechanical Design
-- utilizes a translatable rotary flute relative
to a stationary flow port

\ \ b -- motor/solenoid actuated
-- uses a novel displacement sensing

Q \
‘a device (linear & rotational) for

O determining the flute spool location
Photos courtesy of JASC
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***JASC CONFIDENTIAL - ENGINEERING USE ONLY***

Recorded: 2013-11-01 09:43:19 through 2013-11-01 09:47:05 / by: MC, JWK, MCC . .
Frequency Sweep c,ic‘onslantAmp'iluce- Moduia:»énétvenglh Prellmlnary Perfomlance Data
-60 -50 -40 -30 -20 -10 0 10 20 30 40
0” Length, P;, = 375 psi, Py, =200 psi Discrete Frequency Sweep (perturbations)

frequency € {0,50,100,...,1200} Hz
axial displ. € {0.010,0.015,0.020,...,0.025} inches

1 sec data sample at each perturbation point

/ % Mod. Strength = {(P,,, P, axial shaft displ., freq, length)
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***JASC CONFIDENTIAL - ENGINEERING USE ONLY*** O
Recorded: 2013-11-05 17:26:25 through 2013-11-05 17:29:39 / by: MC, JWK, MCC
Frequency Sweep @Constant Amplitude - Modulation Strength
| | . .
@ H d ®ow w0 o In General: modulation strength asymmetrical

18” Length, P,, = 375 psi, P, =200 psi
0”: +30% max; -40% min @ 100% axial shaft displ., 100 Hz
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18”: +20% max; -50% min @ 100% axial shaft displ., 100Hz
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Piezo Crystal Voltage (Volts)
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NASA
Other Potential Candidates in our Queue b

» Dressler Modulation Concept
-- using CFDRC electro-mechanical actuator developed

under a NASA SBIR Phase 11
-- a novel concept; modulation not by means of a valve

» Parker Hannifin (piezoelectric-based)
-- NASA Combustion NRA deliverable

» Mide Technology (piezoelectric-based)

» In-house (Dr. Robert Okojie, Sensors & Electronics Branch)
-- piezoelectric-based

Www.nasa.gov
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Summary

» Changes In ACC Research Objectives Have Driven Modulator Requirements
-- change in flow number requirement
-- change 1n rig installation location (interior versus exterior)

» Changes in ACC Research Budgets Have Required Alternative Procurement Strategies
-- use of NASA SBIR and NRA contracts

» GRC Has Acquired 2 New Modulator Candidates for ACC Research
-- AST
-- JASC
* WASK Engineering: to be pursued
-- these devices are expected to serve as excellent tools in upcoming rig tests

» Other Modulation Concepts Have Been Identified for Later Examination
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